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Abstract 



PROBLEM TO BE SOLVED: To provide an 
electroless copper plating device capable of 
prolonging the service life of a plating soln. 
facilitating the management of the plating soln. by 
suppressing the Cannizzaro reaction as it is as 
much as possible. 

SOLUTION: This device is provided with a plating 
treating tank 1 1 holding a substrate W and 
applying electroless copper plating on the 
substrate W and a plating soln. circulating tank 12 
stored with a plating soln. 10 at the inside and 
circulating the plating soln. 10 between it and the 
plating treating tank 1 1 , and the temp. T1 of the 
plating soln. 10 in the plating treating tank 11 is 
made higher than the temp. T2 of the plating soln. 
10 in the plating soln. circulating tank 12 (T1>T2). 
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(54) ELECTROLESS COPPER PLATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electroless 
copper plating device capable of prolonging the service 
life of a plating soln. facilitating the management of the 
plating soln. by suppressing the Cannizzaro reaction as 
it is as much as possible. 
SOLUTION: This device is provided with a plating 
treating tank 1 1 holding a substrate W and applying 
electroless copper plating on the substrate W and a 
plating soln. circulating tank 12 stored with a plating soln. 
10 at the inside and circulating the plating soln. 10 
between it and the plating treating tank 11, and the temp. 
T1 of the plating soln. 10 in the plating treating tank 1 1 is 
made higher than the temp. T2 of the plating soln. 1 0 in 
the plating soln. circulating tank 12 (T1>T2). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
da m ages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the non-electrolytic-copper 
plating equipment of the use of filling up with copper the slot for wiring which started non-electrolytic- 
copper plating equipment, especially was formed in the semiconductor substrate. 
[0002] 

[Description of the Prior Art] In order to form a wiring circuit on a semiconductor substrate 
conventionally, after using sputtering etc. on the substrate side and forming a conductor, the chemical 
dry etching using pattern masks, such as a resist, had removed the membranous garbage further. 
[0003] Generally as a metallic material for forming a wiring circuit, aluminum (aluminum) or the 
aluminium alloy was used widely, however - as the degree of integration of a semiconductor becomes 
high — wiring width of face — thin — becoming — current density — increasing - thermal stress and a 
temperature rise — being generated — a stress migration and electromigration --just — being alike — fear, 
such as an open circuit or a short circuit, arises It is in the inclination which becomes still more 
remarkable as aluminum wiring thin-film-izes this inclination. 

[0004] Then, in order to avoid the resistance loss by energization, it is required that conductive material, 
such as high copper, should be adopted more as wiring formation. However, dry etching is difficult for 
copper or its alloy, and after forming membranes all over a substrate, adoption of the above-mentioned 
method of forming a pattern is difficult. Then, the slot for wiring of a predetermined pattern is formed 
beforehand, and the process filled up with copper or its alloy into it can be considered. According to 
this, the process which removes a film by etching is unnecessary, and a copper wiring layer can be 
formed by performing the polish process for removing a surface level difference. Moreover, the portion 
called plug which connects the vertical layer of a multilayer-interconnection circuit also has the 
advantage which can be formed simultaneously. 

[0005] However, wiring width of face followed on making it detailed, and became a remarkable high 
aspect ratio (ratio of the depth, a diameter, or width of face), and restoration of a uniform metal was 
difficult for the configuration of such a wiring slot or a plug in sputtering membrane formation. 
Moreover, with copper or its alloy, although the chemical vapor-growth (CVD) method was used as a 
membrane formation means of various material, when it was difficult to prepare a suitable gas raw 
material and it adopted an organic raw material, there was a trouble that carbon (C) mixed into a 
deposition film after this, and migration nature went up. Then, the method of making a substrate 
immersed into plating liquid and performing non-electrolytic-copper plating is proposed. In membrane 
formation by the starting plating, it becomes possible to fill up the wiring slot of a high aspect ratio with 
copper uniformly. 

[0006] Reducing agents, such as formalin (HCHO) and a glyoxylic acid (CHOCOOH); are contained in 
the plating liquid used here by non-electrolytic-copper plating. Moreover, for this reason, the optimal 
temperature of the plating liquid in the case of raising the quality (elongation) of plating deposit speed 
and a coat by non-electrolytic-copper plating was around 50-80 degrees C, and plating liquid is stored at 
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fixed temperature (before or after 60 degrees C) in the thermostat (plating liquid circulation tank) 
generally equipped with heating apparatus, and it was constituted so that between the plating processing 
tubs which perform plating processing might be circulated. 
[0007] 

[Problem(s) to be Solved by the Invention] Since the reducing agent is contained in the plating liquid 
used for non-electrolytic-copper plating, if it is in the Cannizzaro reaction which is the side reaction of 
$his reducing agent, i.e., formalin, and a glyoxylic acid, the following reaction arises. ~~ x 
2 HCHO+OH~>CH3 OH+HCOO-2CHOCOOH+20H-->C2042-+HOCH2 COOH+H2O[0008] And 
^ince it is impossible to suppress this reaction completely, the by-product generated by this reaction will 
reduce the purity and the dissolved acid quantum of plating liquid, and will affect a plating growth rate. 
For this reason, the present condition was that non-ele^^ytic^copper plating is the plating jnethod 
^flnflAk which is hard to manage. In addition, although adding a methanol in-plating4iquid was performed in 

border to prevent degradation of the plating liquid resulting from a Gai^ method does 

not suppress the Cannizzaro reaction itself and there was a fixed limitation in the effect. 
[0009] While succeeding in this invention in view of the above-mentioned situation^ suppressing the 
Cannizzaro reaction itself as much as possible and prolonging the life of plating liquid, it aims at 
offering the non-electrolytic-copper plating equipment which made management of plating liquid easy. 
[0010] 

[Means for Solving the Problem] The non-electrolytic-copper plating equipment of this invention carries 
out [ having and having made the plating processing tub which holds a substrate and performs non- 
electrolytic-copper plating to this substrate, and the plating liquid circulation tank which plating liquid is 
stored / circulation tank / and makes the interior circulate through plating liquid between the 
aforementioned plating processing tubs the temperature of the plating liquid in the aforementioned 
plating processing tub become high than the temperature of the plating liquid in the aforementioned 
plating liquid circulation tank, and ] as the feature. 

[001 1] According to the above-mentioned this invention, it is thought that the above-mentioned 
Cannizzaro reaction is promoted by the thermally activated process, and this reaction can be suppressed 
by reducing the temperature of plating liquid. Then, the Cannizzaro reaction in the plating liquid 
circulation tank where almost all time plating liquid is usually held in the temperature of the plating 
liquid in a plating processing tub by making temperature of the plating liquid in a plating liquid 
circulation tank into low temperature from the optimal temperature of the plating bath of a substrate at 
the optimal temperature of the plating bath of a substrate itself can be suppressed. 
[0012] Moreover, the temperature gradient of the temperature of the plating liquid in the aforementioned 
plating processing tub and the temperature of the plating liquid in the aforementioned plating liquid 
circulation tank is characterized by being at least 10 degrees C or more. Thereby, the speed of a 
Cannizzaro reaction can be lowered to below a half by reducing the temperature of the plating liquid in a 
plating liquid circulation tank by 10 degrees C or more from the optimal temperature of the plating bath 
of a substrate. 

[0013] Moreover, it is characterized by forming heating apparatus in the outward trip from the 
aforementioned plating liquid circulation tank to the aforementioned plating processing tub, and 
preparing the cooling system in the return trip, respectively. This heats plating liquid to the optimal 
temperature of the plating bath of a substrate with heating apparatus, just before going into a plating 
processing tub, and before returning to a plating liquid circulation tank, it can cool with a cooling 
system. 

[0014] Furthermore, it has an opposite formula heat-exchange machine, and is characterized by making 
it the plating liquid with which the plating liquid which goes into a this opposite formula heat exchanger 
heating-side at the aforementioned plating processing tub returns to the aforementioned plating liquid 
circulation tank at a cold end flow, respectively. Thereby, consumption of energy can be held down to 
the minimum, using the heating value which plating liquid has effective in heating and cooling of 
plating liquid. 

[0015] Moreover, it is characterized by for heating apparatus tying an opposite formula heat exchanger 
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and a plating liquid circulation tank in the path which connects the aforementioned opposite formula 
heat exchanger and a plating processing tub, and preparing the cooling system in a path, respectively. 
Thereby, the insufficiency of the heating value by the opposite formula heat exchanger is suppliable 
with heating apparatus and a cooling system. 
[0016] 

[Embodiments of the Invention] Hereafter, the non-electrolytic-copper plating equipment of the form of 
operation of this invention is explained with reference to a drawing. This non-electrolytic-copper plating 
equipment gives copper plating to the slot of the front face of a semiconductor substrate, is used for 
forming the wiring layer which consists of a copper layer, and explains this process with reference to 
drawing 1 . 

[0017] That is, as shown in drawing 1 (a), the insulator layer 2 which consists of Si02 accumulates on 
conductive-layer la on the semiconductor substrate 1 in which the semiconductor device was formed, a 
contact hole 3 and the slot 4 for wiring are formed in the semiconductor substrate W by lithography 
etching technology, and the barrier layer 5 which consists of TiN etc. on it is formed in it. 
[0018] And while making copper fill up with giving copper plating to the front face of the 
aforementioned semiconductor substrate W in the contact hole 3 of the semiconductor substrate 1, and a 
slot 4 as shown in drawing 1 (b), a copper layer 6 is made to deposit on an insulator layer 2. Then, by 
chemical mechanical polish (CMP), the copper layer 6 on an insulator layer 2 is removed, and the front 
face of a copper layer 6 and the front face of an insulator layer 2 with which the contact hole 3 and the 
slot 4 for wiring were made to fill up are mostly ground at the same flat surface. The wiring which 
consists of a copper layer 6 by this as shown in drawing 1 (c) is formed. 

[0019] As drawing 2 shows the outline of the non-electrolytic-copper plating equipment of the form of 
operation of the 1st of this invention and shows it in this drawing, to this plating equipment The 
semiconductor substrate W is held and it has the plating processing tub 1 1 which introduces plating 
liquid 10 into the interior and performs non-electrolytic-copper plating to this semiconductor substrate 
W, and the plating liquid circulation tank 12 which collects plating liquid 10 and is made to circulate 
through plating liquid 10 between the aforementioned plating processing tubs 1 1. 0.1 mols [/l. ] formalin 
is contained in the aforementioned plating liquid 10 as a reducing agent. 

[0020] The aforementioned plating liquid circulation tank 12 and the plating processing tub 1 1 are 
connected with the outward trip 13 and return trip 14 which constitute a circulation path, the pump 15 
for circulation and heating apparatus 16 are formed in this outward trip 13, and the cooling system 17 is 
formed in the return trip 14, respectively. Furthermore, inside the aforementioned plating liquid 
circulation tank 12, the heat exchanger 18 for making regularity temperature of the plating liquid 10 
stored here is arranged. 

[0021] Thereby, with the drive of the pump 15 for circulation, plating liquid 10 is sent one by one in the 
plating processing tub 1 1, and is returned in the plating liquid circulation tank 12 after the plating bath 
end of a substrate. At this time, it is heated with heating apparatus 16 so that the temperature Tl of the 
plating liquid 10 in the plating processing tub 1 1 may become for example, 60-degree-C order which is 
the optimal temperature of the plating bath of a substrate. On the other hand, it is cooled with a cooling 
system 17 and the plating liquid 10 which was able to be collected in the plating liquid circulation tank 
12 is returned to the plating liquid circulation tank 12 so that the temperature T2 may become about 30- 
50 degrees C of low temperature from the optimal temperature of the plating bath of the aforementioned 
substrate, and it is constituted so that it may be maintained at fixed temperature (for example, 30-50 
degrees C) by the heat exchanger 18. 

[0022] For example, the Cannizzaro reaction which is the side reaction of reducing agents, such as 
formalin, is promoted by the thermally activated process, only reduced the temperature of plating liquid 
10 by about 10 degrees C, and is considered that the reaction rate of a Cannizzaro reaction becomes 
below a half. Therefore, the Cannizzaro reaction itself which produces the temperature T2 of the plating 
liquid 10 in the plating liquid circulation tank 12 from 60-degree-C order which is the optimal 
temperature of the plating bath of a substrate in the plating liquid circulation tank 12 by making it from 
this about 30-50 degrees C of low temperature can be suppressed. And since plating liquid 10 has 
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returned altogether in the plating liquid circulation tank 12, exists in almost all the time plating liquid 
circulation tank 12, and it is heated to the optimal temperature of the plating bath of a substrate only 
when required while taking the semiconductor substrate W in the plating processing tub 1 1, it can 
suppress a Cannizzaro reaction sharply as compared with the case where it is always held before and 
after 60 degrees C of the optimal temperature of plating. 

[0023] In the plating liquid circulation tank 12, if it is in the non-electrolytic-copper plating equipment 
of the gestalt of this operation, after collecting the plating liquid 10 held at 30-50 degrees C and holding 
the semiconductor substrate W in the plating processing tub 1 1, plating liquid 10 is circulated for 
example, in the plating processing tub 1 1, and plating processing is performed to the semiconductor 
substrate W. At this time, except when galvanizing by performing plating before and after 60 degrees C 
of the optimal temperature, plating liquid 10 is kept at 30-50 degrees C, and a Cannizzaro reaction is 
suppressed. 

[0024] Drawing 3 is what shows the non-electrolytic-copper plating equipment of the gestalt of 
operation of the 2nd of this invention, this plating equipment The plating liquid 10 which is equipped 
with the opposite formula heat exchanger 20, arranges heating side 21 of this opposite formula heat 
exchanger 20 in the aforementioned outward trip 13, and goes into this heating side 21 at the 
aforementioned plating processing tub 1 1 flows. While making it the plating liquid 10 which arranges a 
cold end 22 in the aforementioned return trip 14, and returns to the aforementioned plating liquid 
circulation tank 12 at this cold end 22 flow, respectively The opposite formula heat exchanger 20 and 
the plating liquid circulation tank 12 are tied for heating apparatus 23 in the outward trip 13 which 
connects the opposite formula heat exchanger 20 and the plating processing tub 1 1, and a cooling system 
24 is formed in a return trip 14, respectively. 

[0025] According to the non-electrolytic-copper plating equipment of the form of this operation, the 
heating value which plating liquid 10 has can be used effective in heating and cooling of plating liquid 
10 through the opposite formula heat exchanger 20, and, moreover, energy expenditure can be held 
down to the minimum by compensating the insufficiency of the heating value by the opposite formula 
heat exchanger 20 with heating apparatus 23 and a cooling system 24. 
[0026] 

[Effect of the Invention] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The non-electrolytic-copper plating equipment carry out [ having and having made the plating 
processing tub which holds a substrate and performs non-electrolytic-copper plating to this substrate, 
and the plating liquid circulation tank which plating liquid is stored / circulation tank / and makes the 
interior circulate through plating liquid between the aforementioned plating processing tubs the 
temperature of the plating liquid in the aforementioned plating processing tub become higher than the 
temperature of the plating liquid in the aforementioned plating liquid circulation tank, and ] as the 
feature. 

[Claim 2] Non-electrolytic-copper plating equipment according to claim 1 with which the temperature 
gradient of the temperature of the plating liquid in the aforementioned plating processing tub and the 
temperature of the plating liquid in the aforementioned plating liquid circulation tank is characterized by 
being at least 10 degrees C or more. 

[Claim 3] Non-electrolytic-copper plating equipment according to claim 1 or 2 characterized by forming 
heating apparatus in the outward trip from the aforementioned plating liquid circulation tank to the 
aforementioned plating processing tub, and preparing the cooling system in the return trip, respectively. 
[Claim 4] Non-electrolytic-copper plating equipment according to claim 1 or 2 characterized by making 
it the plating liquid with which the plating liquid which is equipped with an opposite formula heat 
exchanger and goes into a this opposite formula heat exchanger heating-side at the aforementioned 
plating processing tub returns to the aforementioned plating liquid circulation tank at a cold end flow, 
respectively. 

[Claim 5] Non-electrolytic-copper plating equipment according to claim 4 characterized by preparing 
the cooling system, respectively in the path with which heating apparatus ties the aforementioned 
opposite formula heat exchanger and a plating liquid circulation tank in the path which connects the 
aforementioned opposite formula heat exchanger and a plating processing tub. 



[Translation done.] 
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